This paper investigates the technical, allocative and economic efficiency of public schools in Kuwait over four levels of schooling (kindergartens, primary, intermediate and secondary) and two periods (1999/00 and 2004/05) using data envelopment analysis (DEA). Mean pure technical efficiency varies between 0.695 and 0.852 across all levels of education; the majority of schools at kindergarten, primary and intermediate levels are operating at a point where returns to scale are increasing; and there are considerable cost efficiencies to be gained. In a second stage analysis of the determinants of efficiency, teacher salary and the proportion of teaching staff who are Kuwaiti are highly significant in explaining school efficiency at all levels. The former has a positive effect and the latter a negative effect. Allgirls schools have significantly higher efficiency than all-boys schools. There is limited evidence that geographical location affects efficiency, and this may be a consequence of differences between regions in terms of affluence or density of population.
INTRODUCTION
There has been little research into the education sectors of countries in the Gulf region. This is a surprising omission as the oil-rich countries of the Gulf Cooperation Council (GCC) have seen, over the last decade, a huge expansion in school age population at all levels of education (see figure 1) . At secondary level, for example, school age population has risen by between 17% and 66% in the 6 Gulf states between 1999 and 2010 (compared with increases over the same period of 3% and 10% in the UK and USA respectively), and this has been accompanied by growing enrolment rates. Such rapid growth in demand for places is likely to put a considerable strain on education provision, but it is difficult to gain insights into the education systems of these countries because of the general lack of published data at school level. By studying the efficiency of education in one of the GCC countries, Kuwait, this paper aims to fill a gap in the literature and to present findings which will be of interest and relevance to education managers and policy makers in other countries in that geographical region facing similar education demands.
Kuwait is a small country that is rich in hydro-carbon resources with an estimated annual per capita GDP for 2010 of US$51700, and a population exceeding 2.5 million, out of which approximately 50 percent are non-nationals and just over 25% are aged less than 15 years 1 . Kuwait is therefore the richest (after Qatar) of the GCC countries and the fourth most populated (after Oman, Saudi Arabia and the United Arab Emirates). The public education system in Kuwait consists of general education (comprising two years of kindergarten, five years of primary, four years of intermediate, and three years of secondary education) and higher education (comprising college and university education). Education for the nationals is compulsory up to and including intermediate level.
In the year 2008, the public education system (where education for the nationals is free of charge) accounted for approximately 66 percent of the total number of students enrolled in schools 2 . Whereas the public education system mainly serves the needs of the nationals, the private educational institutions, particularly schools, largely cater to the needs of the foreign population. The private schools follow different systems and include Arabic, American, British, Indian, Pakistani, French, and other schools. This paper examines only the public education system in Kuwait.
The public education system in Kuwait has grown in response to an increasing population. To meet the capital and operational needs of the system, the government invests substantial resources: in 2008, public expenditure per pupil was 10.9% of per capita GDP at primary level and 14.9% at secondary level 3 . Resources have been injected into the public education system in the belief that the greater the resources the better the outcomes. The available evidence on the relationship between resources and outcomes, however, points to a situation that is far from satisfactory. Burney et al. (1995 Burney et al. ( , 2002 and the World Bank (2002) have shown that Kuwait's public education system suffers from production inefficiencies, the extent of which is unknown. In addition, there is a general perception that the public education system is not responsive to the educational needs of the society or the economy of the country.
To improve the performance of the system, the educational authorities have undertaken reforms that have increased the participation of the private sector, but the management of the public schools remains under government control and the school administration has limited authority over school inputs and outputs. With a rapidly growing population, the amount of resources required to meet the educational needs of the population could increase sharply and, if necessary resources are not forthcoming, there may be a detrimental impact on the quality of education. In this context, it becomes imperative for the 2 Source of data: UNESCO Institute for Statistics authorities to pursue cost effective measures, remove specific sources of inefficiencies, exploit economies of scale, and improve administrative, organizational, and financial management of resources. This requires the identification and quantification of inefficiencies.
The objective of this paper is to provide an in-depth analysis of the efficiency of all levels of public schools in Kuwait. It is well-known that improving education can have a beneficial effect on an economy in terms of higher productivity, lower poverty, improved income inequality, better health and economic growth (Bedi & Marshall 1999) . Thus getting more from the resources spent on education in Kuwait is vital in the context of the country's development. In addition, the study of the efficiency of education in emerging and developing countries is under-researched relative to the large number of studies which have been devoted to efficiency of education in developed countries. An increased knowledge of the sources of inefficiency in education in Kuwait will therefore be useful to policy-makers in Kuwait and other emerging economies.
The analysis will take a two-stage approach: first, estimates of technical and allocative efficiency are obtained; second, possible determinants of school efficiencies are investigated. As curricula, teaching techniques, assessment methods, teachers' qualification and experience, and other requirements vary across different school levels, the analysis is conducted separately for kindergarten, primary, intermediate, and secondary schools on data for two academic years, namely 1999/00 and 2004/05. The paper is in 5 sections of which this is the first. Section 2 presents the various concepts of efficiency and the methods for their measurement. The data and models are described in section 3, while section 4 presents the results of the two-stage analysis. Conclusions and policy implications are discussed in section 5.
EFFICIENCY: CONCEPTUAL FRAMEWORK AND ESTIMATION
Four efficiency concepts are considered. Technical efficiency (TE) of a school is defined using Farrell's (1957) approach whereby a school's actual production point is compared to the point which might be achieved if it operated on the frontier. A school might not achieve 100% technical efficiency for two reasons: the first is a consequence of managerial inefficiency which means that the given output is produced by more input(s) than necessary. The second is caused by the school being the wrong size. A small school, for example, may be disadvantaged by not having sufficient pupils to be able to have subject specialist teachers. A large school, on the other hand, might have large student staff ratios which are detrimental to the learning of pupils and hence the quality of school output. The measurement of these two types of efficiency are derived from a comparison of a school's production point relative to the production frontier calculated under constant returns to scale of the input mix used to produce a given level of output (given the input prices). It is identified by comparing the efficient production point of a school for a given output level with the least cost production point for that level of output.
All these measures of efficiency require a quantification of the mapping of inputs on to outputs. This can be achieved using either parametric or non-parametric approaches. The most common methods are stochastic frontier analysis (SFA) and data envelopment analysis (DEA). Both approaches estimate a production frontier but in the former case the frontier is parametric while in the latter case it is a non-parametric piecewise linear frontier that envelops the data. SFA assumes a distribution for the efficiencies, and the stochastic errors, and a particular functional form for the production function. Such assumptions allow statistical inferences to be drawn about the parameter estimates, and the estimates themselves can provide useful information such as input elasticities, and degree of economies of scale and economies of scope (Cohn & Rossmiller 1987) . The downside is that deciding on which is the most appropriate specification is often difficult (Simmons & Alexander 1978) , and the consequences of misspecification are serious: misspecification errors will be incorporated into the efficiency measure (Lovell 1993) ; predictions, particularly outside the valid domain, could be misleading (Hanushek 1979) ; parameter estimates will be biased (Simmons & Alexander 1978) and hence estimates of input elasticities and economies of scale and scope may be misleading. Further problems may arise if there is multicollinearity amongst the explanatory variables, or omission of a relevant variable (Simmons & Alexander 1978) .
In DEA, misspecification problems are avoided because the technique makes no assumptions regarding the distribution of efficiencies, and, since the production function is fitted using linear programming, there are no assumptions regarding functional form (Mante 2001) . Perhaps the greatest advantage of DEA is that, by enveloping the data, the DEA frontier allows each unit to be different. It therefore allows each school to have local flexibility and not to be penalised for having its own specific objectives. This may be a particularly important advantage in the context of measuring efficiency in education where each school is unique (Cohn & Rossmiller 1987) . For this reason, DEA is the method of choice in the subsequent analysis. The downside is that there are no parameter estimates for the function and hence no significance tests (Geva-May 2001) . In addition any errors in measurement or stochastic errors are incorporated into the measurement of efficiency.
In DEA, the technical efficiency of DMU k is defined as the ratio of the weighted sum of outputs to the weighted sum of inputs (Charnes et al, 1978; 1979 Banker et al, 1984) and hence measures of scale efficiency can be derived.
The exposition has so far assumed that output is fixed and input quantities are variable. It may be the case that the manager has little control over some inputs (at least in the short run). The VRS model above can be modified to assume both fixed outputs and some fixed (or non-discretionary) inputs as follows (where superscript D denotes an input over which the manager has control, and ND denotes a non-discretionary input): Parametric production function studies provide only limited evidence regarding returns to scale. Driscoll et al (2003) in a study of US schools suggest that there are decreasing returns for schools located in large districts. This is confirmed by Jones et al (2008) who also find decreasing returns to class and school size for schools in the USA. Sengupta & Sfeir (1986) , however, find that the average school in California is operating in an area of increasing returns to scale; greater returns to scale are experienced by those schools on the frontier than those deviating from it.
There is a far greater body of literature which has derived school efficiency estimates using a non-parametric production function approach. Only a minority of studies examine the efficiency of education in developing countries such as Chile, India and Thailand ( 
DATA AND MODELS
In order to estimate efficiencies we need to specify the outputs and inputs of the education production function. In general, schools use capital and labour to produce teaching outputs. It is vital that the teaching outputs should be specified so as to capture the outcomes of education. Previous empirical studies have used standardized achievement or examination results, average attendance, number of graduates, number of enrolled students, retention rate, and level of earnings after leaving school. For Kuwait, standardized achievement and examination results are not available. Two possible and alternative output measures which are available are number of enrolled students (STUDENTS) and number of pupils satisfactorily completing school (GRADUATES). The latter is a more satisfactory measure of the output of the teaching process, but the data are not available for all school levels. The former has the advantage that it is available for all levels of schooling and all years, but its disadvantage is that it is more a measure of input than output. There is, however, a high degree of correlation between student and graduate numbers in the context of schools (since the drop-out rate is relatively low), and hence student numbers (or variables relating to enrolment) have been used to represent teaching outputs in a number of empirical studies (Lovell et al 1994; Ouillette and Vierstraete 2006; Jones et al 2008) .
The list of possible input measures considered in empirical studies is large and can generally be grouped into three main categories, namely school inputs, pupil-related inputs, and environmental inputs. Data on pupil-related and environmental inputs are not available for schools in Kuwait, and so this study relies exclusively on school inputs, which include labour and capital. There are three possible input measures: number of teachers (TEACHERS), number of administrative staff (STAFF), and number of class rooms which is used as a proxy for capital input and physical resources (ROOMS). Schools are likely to have more control over adjusting levels of teachers and staff than over physical capital such as rooms (at least in the short term). Thus the variable ROOMS could be considered to be a non-discretionary input in which case the DEA model in set of equations (3) would be appropriate.
The combination of inputs and outputs used here is similar to models estimated by Bonesrønning and Rattsø (1994) and Ouellette and Vierstaete (2006) . The former study uses graduates as an output and teaching time as a single input, while the latter uses full-time equivalent pupils as the output and teaching and non-teaching staff as inputs along with 3 indexes to reflect physical capital. Table 3 for model 3 only since this is the only model which can be estimated consistently over the four levels of schooling and the two time periods. CRS and VRS DEA efficiencies are derived using an input-oriented approach 7 and allocative efficiencies are computed under the assumption of VRS
8
. The VRS efficiency scores derived on the 6 The average number of teachers varies over time for primary and intermediate schools, and this is another reason for taking care when making inter-temporal comparisons of the results. 7 While the managers (or principals) of public schools in Kuwait have little control over the output or the inputs, ultimately, the central educational authorities control the level of inputs within the system, and hence an inputoriented approach is used. It should be noted that the results vary little according to orientation (and CRS efficiency estimates are identical regardless of orientation). 8 To estimate allocative efficiency, average annual salary was used as price of teachers and staff (where appropriate). In the case of class rooms, the price was assumed to be constant across schools.
assumption that the variable ROOMS is a non-discretionary input are also computed for comparison 9 .
[ Table 2 here]
[ Table 3 here]
The alternative models were estimated where data were available in order to perform a sensitivity analysis, the results of which are presented in Table 4 . The inclusion of administrative staff (STAFF) as an additional input has no significant effect on school ranking based on efficiency score. Similarly, the definition of output (GRADUATES or STUDENTS) has no significant effect on school ranking based on efficiency score (see table 4a ). This supports the use of model 3. In addition, the comparison of the VRS models where the variable ROOMS is considered, respectively, as a discretionary and non-discretionary input, suggests no significant effect on school ranking (see table   4b ). Thus the results of the models where all inputs are flexible are interpreted in the sequel.
[ Tables 4a and 4b The results for scale efficiency indicate that schools in Kuwait are typically not operating at their optimum scale size. Indeed the vast majority of schools at kindergarten, primary and intermediate levels are operating at increasing returns to scale suggesting that 9 The VRS non-discretionary efficiency scores are calculated using the software package PIM; the remaining efficiencies have been estimated using the software package Limdep.
there are gains to be made from operating at a larger size
10
. It should be noted that this study takes no account of additional costs, such as travel-to-school costs, which may be affected by concentrating education in larger sized establishments. Thus, although there are apparent gains to be made by increasing the output to input ratio of schools at all levels, all potential increased costs of such a policy should be thoroughly investigated.
While the estimates of efficiency provide an overview of the relative performance of public schools, it can also be useful to examine whether there are any characteristics of the school which affect the efficiency with which schools convert inputs into outputs. To determine the relationship between school characteristics and technical efficiency, the estimates of technical efficiency obtained using model 3 and assuming VRS are regressed upon a number of explanatory variables. For each level of schooling, two explanatory models are estimated: one where all input variables are assumed to be discretionary; one whene the variable ROOMS is considered to be non-discretionary. Data limitations constrain the analysis to four possible factors: the geographical location of school 11 , the proportion of teaching staff who are Kuwaiti nationals (KUWAIT), the average annual salary level of the teaching staff (SALARY), and whether the school is an all boys school (BOYS). 12 The size of the school is not investigated as a possible determinant of efficiency as the dependent variable is the VRS efficiency and thus size has already been taken into account in calculating the efficiency score. 10 The DEA results for 2004/05 indicate that over 99% of kindergartens, 95% of primary schools, 98% of intermediate schools and 47% of secondary schools are operating in a situation of increasing returns to scale. 11 The public education system in Kuwait is administrated by the Ministry of Education, and is currently divided into six educational districts, which are Al-Aasimah, Al-Ahmedi, Farwaniya, Hawally, Al-Jahra, and Mubarak Al-Kabir. In 1999/00, there were only five educational districts (since Mubarak Al-Kabir was grouped with Hawally). To take account of the geographical location, four dummy variables have been included in the regression (AL-AASIMAH, AL-AHMEDI, FARWANIYA and HAWALLY/MUBARAK). Al-Jahra is therefore the base region. 12 An important feature of Kuwait's public education system is that beyond the kindergarten level (where no schools are segregated) the schools are all segregated. Thus, the last variable is only applicable to primary, intermediate and secondary education levels. teachers. The variable SALARY may not therefore be a perfect reflection of teacher experience and so KUWAIT is included as well. Finally, evidence from other countries suggests that all-boys schools perform less well than all-girls schools (Bradley et al 2001) .
Thus the variable BOYS is included to explore this in the context of Kuwaiti education where segregated education is the norm (except in kindergartens). Descriptive statistics for the variables included in the second stage analysis are displayed in Table 5 .
[ Table 5 here]
The performance of a second stage analysis of DEA efficiencies using a Tobit regression This is therefore the method of choice in the ensuing analysis. Table 6 shows the models for the four educational levels (kindergarten, primary, contrary to Ruggiero and Vitaliano (1999) . The evidence implies that higher teacher salary tends to improve the technical efficiency of schools in Kuwait. The higher magnitude of the coefficient on SALARY for kindergartens compared to other school levels is initially puzzling, as one might expect experience to have a greater effect on efficiency at high (rather than low) school levels. The result is possibly a consequence of correlation: it should be clear from previous discussion that schools with a high proportion of teachers who are Kuwaiti nationals are likely to have higher average salaries, and so KUWAIT and SALARY are likely to be correlated. However, since the proportion of Kuwaiti teachers is lower in higher level schools (and hence the proportion of expatriate teachers is higher in these schools) compared to kindergartens (see Table 5 ), SALARY is a more inadequate reflection of experience in the higher level schools. Moreover, the correlation between SALARY and KUWAIT is much stronger as level of school rises; indeed there is no significant correlation between the two at kindergarten level. The difference (across school levels) in the magnitude of the coefficient on SALARY is therefore likely to be a consequence of the varying relationship between SALARY and KUWAIT.
The proportion of Kuwaiti teachers has a significant negative effect on efficiency for all levels of schooling except intermediate (where the coefficient is negative but not significant) and for both years except in the case of primary schools in 2004/05. The precise effect of KUWAIT (like that of SALARY) is blurred by the multicollinearity between SALARY and KUWAIT. The two results, however, suggest that teacher experience and qualifications are important in determining efficiency and hence schools should develop a policy of recruiting more qualified and experienced teachers in order to improve school efficiency.
Finally, the coefficient with respect to dummy for gender is negative for all levels, but statistically significant only for primary (in 1999/00) and secondary levels. This implies that the efficiency of all-girls schools is higher compared to all-boys schools. The policy implications are unclear in the absence of evidence regarding why this is the case. If the allgirls schools are traditionally managed differently from the all-boys schools, then the latter should amend their managerial practice in order to improve efficiency. It is more likely, however, that girls have characteristics which allow them to respond better to current teaching methods used in Kuwait, and hence their schools achieve greater efficiency. If this is the case, alternative methods of teaching which appeal more to the characteristics of boys need to be investigated to improve efficiency in all-boys schools.
CONCLUSIONS
This paper has investigated the technical, allocative and economic efficiency of public schools in Kuwait over four levels of schooling (kindergartens, primary, intermediate and secondary) and two periods (1999/00 and 2004/05) using DEA. Average pure technical efficiency varies between 0.695 and 0.852 over the two years and across all levels of education. These are comparable to non-parametric estimates of school efficiency found for schools in Thailand and Chile, but somewhat higher than those for schools in India (Kantabutra and Tang 2006; Mizala et al. 2002; Tyagi et al 2008) . The results suggest that
Kuwaiti schools, at all levels, could, by improving managerial practices, produce the same output with fewer inputs. In addition, returns to scale for all levels of schools are generally increasing suggesting that schools could be more efficient by expanding their size. A degree of caution is necessary in developing policy from this result, however, since possible costs of amalgamating schools to increase unit size are not considered. Such costs include increased travel costs for pupils and possible detrimental effects of more time spent travelling on pupil achievement. These have not been taken into account and should be thoroughly investigated before adopting such a policy. Additional results indicate that there are also considerable cost efficiencies to be gained in public schools in Kuwait: average allocative efficiency ranges from 0.606 for secondary schools to 0.975 for secondary schools.
The most emphatic result of a second stage analysis of the determinants of pure technical efficiency was the significant and positive impact of average teacher salary on efficiency. To the extent that SALARY reflects teacher experience and qualifications, this result emphasizes the need for more qualified and experienced teachers in public schools to increase efficiency. A related result is that the coefficient on proportion of teachers who are Kuwaiti nationals was negative and statistically significant for all school levels. Authorities in Kuwait have recently pursued a policy of replacing expatriate teachers with nationals and it is likely that in the process more experienced and qualified teachers are being replaced by relatively young, inexperienced and less qualified teachers. The result is therefore likely to be confirmation of the importance of teacher experience and qualifications on efficiency.
Further investigation into why this result occurs (possibly using a case study approach)
should be undertaken. It is possible that additional training and support for the new teachers should be provided in an effort to improve teachers and school efficiency.
An additional finding of the second stage analysis is that the technical efficiency of all-girls schools is higher than that of all-boys schools. Perhaps there is something in the way that the all-girls schools are managed that should be looked into and used to improve efficiency of all-boys schools. Alternatively, teaching methods in all-boys schools might need to be developed to inspire learning amongst male pupils.
There is limited evidence that efficiency might be higher in the relatively affluent region of Al-Aasimah, but this was not conclusive and requires further investigation with additional years of data. Kindergartens appear to be more efficient in Al-Ahmedi (which is a large region with relatively low population) than in other regions, but why this is the case requires analysis which is beyond the scope of this paper.
In the context of a growing population and increasing resources devoted to public education in Kuwait, this paper has estimated the level of efficiency from kindergarten through to secondary school level and has achieved a greater understanding of the determinants of efficiency in different types of schools. Moreover, improvements in the education sector which could be achieved through increased efficiency could have beneficial effects on the economy itself.
Various sensitivity analyses conducted here suggest that estimates of efficiency presented in this paper are not particularly sensitive to changes in the definition of output, to the inclusion of an additional input, or to the treatment of capital input as non-discretionary.
It has become apparent from conducting this study, however, that much more could be learnt about efficiency and its determinants in Kuwaiti schools if there were a better system of data collection and record. More information on pupil achievement (possibly split by broad subject) and on capital inputs would provide a better base from which to estimate efficiency; data regarding pupil and environmental characteristics could add insights into the second stage analysis of efficiency. 
Notes:
1. AE is derived from VRS DEAs. Average annual salary was used as price of teachers and staff (where appropriate); the price of class rooms was assumed to be constant across schools 2. In this case, the specification of the production function produced residuals with the wrong skew. Thus was not significantly different from zero. The OLS parameter estimates are therefore also the SFA parameter estimates of the production function, and hence there are no significant inefficiencies. In such a situation, an alternative specification which provides efficiencies should be sought, but the options with the small number of inputs and outputs used here are limited. 
